Obesity now represents one of the major health care issues of the 21st century. Its prevalence has increased exponentially in both the developed and developing world during the last couple of decades. Such a rapid rise can therefore not be explained by a change in genotype, but must result from environmental factors and their interaction with our genes. There is clear evidence to show that current environmental factors such as current diet and level of physical activity can influence our risk of obesity. However, there is growing evidence to suggest that factors acting during very early life can influence long-term energy balance. One such factor that is emerging as an important player is maternal obesity and/or over-nutrition during pregnancy and lactation. Early life may therefore represent a critical period during which intervention strategies could be developed to reduce the prevalence of obesity.
Introduction
Childhood obesity is a global public health problem. The international obesity task force have reported that 1 in 10 children (B155 million) aged between 5 and 17 years are overweight. 1 In 2005, the World Health Organisation reported that at least 20 million children under the age of 5 were overweight. 2 That prevalence has doubled to an estimated 42 million in 2010. 3 Of particular concern is the risk of childhood obesity developing into obesity in adolescence and adulthood. A central dogma to obesity development focuses on the individual environment such that obesity is a lifestyle choice resulting from an energy imbalance. Principally, caloric intake exceeds caloric expenditure. However, strong relationships between parental body mass index (BMI) and offspring BMI, 4 as well as the identification of familial risk factors for obesity, 5 are suggestive of genetic factors contributing to obesity development. 6 It is therefore more likely that neither environment nor genes are acting alone and that gene-environment interactions resulting in epigenetic modifications of the genome are driving the rapid increased prevalence of obesity.
Of interest to the current review, is the potential predisposition of the core behaviours underlying obesity development arising from environmental exposures experienced in utero or early postnatal life. Overeating and reduced physical activity have been identified in offspring of obese mothers. Evidence from animal studies supports the hypothesis that this results from the obesogenic environment experienced in utero rather than pure genetic factors. The precise obesogenic environmental factors that mediate these effects are not known. However, potential candidates are maternal hyperleptinemia, hyperinsulinaemia, hyperglycaemia or maternal inflammation. These may represent targets for focussed intervention strategies during critical periods of development to ameliorate the rising prevalence of obesity in society.
Maternal obesity and/over-nutrition predisposes offspring to obesity and type 2 diabetes
Evidence from human studies Human epidemiological studies provide strong evidence for the heritability of obesity. For example, an American cohort of 854 participants showed that individuals had double the risk of adult obesity if parental obesity was present. 4 The environment shared within families during the post-natal developmental period is undoubtedly an important factor in the development of offspring obesity. 7 However, the relationship between maternal obesity and offspring obesity is stronger than that of paternal obesity with the risk of extreme obesity (BMI 440) five times greater in relatives of extremely obese women. 5 This could result from imprinting of maternal genes that influence energy balance, but a more widely accepted possibility is that the predisposition is mediated by the in utero environment a developing fetus in an obese woman is exposed to. 6, 8, 9 Maternal obesity has been associated with offspring obesity at birth, 10,11 childhood (2-9 years) 12, 13 and adolescence (14 years), 14 suggesting that the effects are long lasting. Furthermore, children of obese mothers that were born large for gestational age are at twice the risk of developing insulin resistance accompanying childhood obesity (11 years). 15 The underlying mechanisms by which maternal obesity confers this risk of obesity to offspring is unknown. There are a number of components of maternal obesity that have been associated with offspring obesity and metabolic health. These include pre-pregnancy BMI, 16, 17 maternal weight gain, 18 as well as consumption of an obesogenic diet. Dis-entangling how these related parameters mediate their effects on offspring health is therefore extremely complex and will only be defined by intervention studies targeted at individual components. All of these factors are associated with similar metabolic perturbations including hyperglycaemia, hyperinsulinaemia and hyperleptinaemia (reviewed in Weissgerber et al. 19 ). Therefore, it is perhaps not too surprising that associations between maternal hyperglycaemia, 20, 21 insulin resistance 15 and hyperleptinaemia and offspring adiposity have all been reported. The growing prevalence of obesity and its accompanying complications in women of childbearing age is therefore of a major concern. Increasing attention towards interventions that may be used to improve maternal health could, therefore, impact substantially on offspring health both in the short and long term. A number of early reviews, 19, [22] [23] [24] [25] in addition to two recent studies, 26, 27 have identified altering maternal carbohydrate intake as well as maternal physical activity levels as potential strategies for positively regulating maternal weight gain and offspring birth weight among other pregnancy outcomes. However, longitudinal studies that describe the potential long-term benefits of these interventions for offspring health are lacking. Caution should also be placed on assessing birth weight as an outcome measure and indicator of improved offspring health. Birth weight is a crude index of in utero exposures and is by no means a definitive predictor of adverse developmental outcomes. Although shifting the occurrence of a large for gestational age baby to a normal range has benefits for maternal outcomes, elevated birth weight is not always observed and therefore cannot always be assumed in human studies or animal models of maternal over-nutrition. Indeed, birth weight data in the above mentioned studies [24] [25] [26] [27] and our recent review of maternal high-fat feeding and offspring development show birth weight is often similar between offspring groups or in fact lower in offspring of obese mothers compared with controls. 28 A major limitation of human studies is the degree to which a mechanistic understanding may be achieved without invasive procedures in children. Furthermore, human studies contain the confounder of shared environments between parents and offspring, such that the overarching influence of parental eating and activity habits cannot be easily isolated. Although there are obvious limitations to the extrapolation of rodent studies to human public health, animal studies allow for comprehensive offspring tissue level analysis and discrete periods of offspring development to be isolated for a mechanistic understanding.
Evidence from studies in animal models
We have recently conducted a systematic review of rodent models of maternal high-fat feeding and their effects on adiposity and glucose tolerance in the offspring. This supported the hypothesis that maternal over-feeding increases adiposity and risk of impaired glucose tolerance in the offspring. 28 In some instances, this was evident in offspring that were exposed to high-fat feeding in utero only, whereas in other cases the exposure period extended to the lactation period. [29] [30] [31] There was also convincing evidence that the offspring of high-fat fed dams demonstrate elevated adiposity with 32 or without 30 absolute increases in body mass. Of note, all data within that review originated from offspring weaned onto standard chow diets and did not address the possibility that effects may be exaggerated if the offspring lives in an obesogenic environment. Our systematic review focused on studies of maternal over-nutrition using maternal diets in which fat content was the only elevated macronutrient. Data from these animal models present a distinct problem for the extrapolation to a wider population, as rodents tend to regulate caloric intake when fed high-fat diet. As such, maternal obesity is only evident in those models when the high-fat diet is consumed for at least 6 weeks before mating. 28 More recent studies have, therefore, used highly palatable or junk food diets in which the diets are rich in simple sugars as well as fat, reflective of an obesogenic western diet in humans. 33, 34 Such junk food or cafeteria-style diets are suggested to provide a more representative model of the human situation for studies of maternal over-nutrition. Maternal over-nutrition in rodents has also been associated with loss of glucose tolerance in the offspring. 30, [33] [34] [35] Glucose intolerance and type 2 diabetes generally result from a combination of b-cell dysfunction and insulin resistance. There is good evidence that both of these contribute to the loss of glucose tolerance in the offspring of over-nourished dams. Commonly reported outcomes include reduced pancreatic b-cell number, volume 31 and insulin secretory capacity. 35, 36 At the molecular level, this has been associated Maternal over-nutrition and offspring obesity predisposition K Rooney and SE Ozanne with a reduction in glucose transporter 2 (the main glucose transporter in pancreatic b-cells) and glucokinase expression, 31 both of which have a key role in glucose sensing by the pancreatic beta cell. Offspring of over-nourished dams also demonstrate insulin resistance. [33] [34] [35] This has been associated with altered expression of key components of the insulin-signaling pathway including insulin receptor substrate 1. 30, [37] [38] [39] The subsequent development of obesity could further increase the development of insulin resistance. It should be noted that the results above are more commonly reported in male offspring although many studies observe comparative affects in female littermates. 40 However, some studies suggest potential sex differences may be of interest to future investigations in which disturbed glucose homeostasis is a primary outcome. For example, two studies that use a highly palatable obesogenic diet have observed reduced glucose tolerance following intra-peritoneal glucose tolerance test 34 and insulin resistance assessed by hyperinsulinaemicFeuglycaemic clamp 33 in males but not female littermates. This is despite both sexes displaying elevated levels of adiposity compared with controls. The development of obesity most likely results from a relative excess of energy intake in relation to energy expenditure. Therefore, alterations in either side of the energy balance equation contribute to the development of obesity resulting from maternal over-nutrition. Early 'programmed' disruptions in energy intake have been commonly discussed and investigated. Alterations in offspring physical activity and energy expenditure, however, have been largely neglected. However, evidence is accumulating to suggest offspring obesity risk may be a result of reduced physical activity and poor muscle function. This evidence is discussed below and suggests that future investigations that focus on offspring muscle development and function may be of interest.
Evidence for excess energy intake in the offspring of over-nourished mothers
Recently, the eating habits of offspring of obese rats have received concerted attention. Data has predominantly come from studies that use a combined high-sugar/high-fat palatable obesogenic diet. 33, [40] [41] [42] [43] [44] Consistently, a hyperphagic phenotype is identified, in particular in male offspring. Although early data suggested that the hyperphagic behaviour was isolated to junk food in preference to chow, 40 more recent data has demonstrated that the overeating phenotype is also observed in chow-fed offspring of obese mothers. 33, 42, 43 The evidence for a hyperphagic phenotype in offspring of mothers that consume a diet primarily high in fat (445% energy equivalent) and using saturated fat as the type 36, 45, 46 but low in carbohydrate, is not as convincing. Only one study, 47 in which a high-fat diet was used for maternal feeding, shows a hyperphagic outcome in offspring. In that study, elevated caloric intake at both day 30 and day 70 was observed in offspring of high-fat fed mothers. It is possible that the different findings between studies result from strain-specific effects. Chang et al. was the only study to use Sprague-Dawley rats. In all studies, in which offspring display overeating, elevated body weight gain is also evident. As such, it is reasonable to suspect interventions that seek to ameliorate the obesity risk in offspring exposed to maternal overnutrition would seek to address this behaviour of excess eating and the mechanisms proposed to drive the predisposition. In light of the important role played by the hypothalamus in regulation of energy balance, much focus for mechanistic studies has been directed towards this tissue (see below). In particular, programmed central resistance to leptin has been suggested as the mediating factor for inducing hyperphagia. Leptin resistance in the offspring has been proposed within the studies mentioned above to be a consequence of elevated maternal serum leptin during the early postnatal period leading to elevated leptin in breast milk and consequently exposure of the suckling pups to elevated levels of leptin.
In adult life, leptin has a key role in the regulation of energy balance, primarily through its action on the arcuate nucleus of the hypothalamus where it signals to the individual to reduce food intake and increase energy expenditure. However, at least in rodents, in early postnatal life leptin has no effects in food intake or energy expenditure but has a neurotrophic role. 48 During this period, leptin is critical for brain development, driving the formation of arcuate nucleus neural projections of the hypothalamus as well as hippocampal and cortical development. 48 Therefore, alterations in leptin action during this critical time window could permanently alter hypothalamic structure and consequently energy balance. It has been shown that the hypothalamus of day old pups born to obese mothers display reduced mRNA expression of the leptin receptor and downstream STAT-3 signalling proteins. 41 Further support for the role of central leptin resistance has been provided by Kirk et al., 43 who showed an attenuation in leptin induced suppression of food intake and STAT-3 phosphorylation in 30-day-old offspring of obese mothers. This downregulation in central leptin signalling was observed following a prolonged neonatal leptin surge evident during weaning in these animals. The potential neurotrophic role of leptin in humans is less defined, and many of the key neuronal connections established during early life in rodents are formed during the third trimester in humans. However, studies of leptin-deficient humans who develop severe obesity during childhood have demonstrated that the divergence of these individuals from the normal growth trajectory does not occur until around 2 years of age. This suggests that during the early postnatal life in humans, leptin does not influence food intake or energy exposure.
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The precise mediators of the hyperphagic phenotype in offspring of obese dams are yet to be identified. However, elevated plasma lipids and/or plasma leptin in the mothers and/or pups have been suggested as potential candidates. 43, 47 Elevated plasma insulin during the neonatal period has also been implicated as a programming factor. Hyperinsulinaemia resulting from early postnatal overfeeding in rats (through manipulation of litter size) or through direct infusion of insulin into the brain is associated with altered hypothalamic structure, changes in neuropeptide levels and increased weight gain in adulthood. 49, 50 The potential role of factors associated with maternal obesity (increased lipids, leptin and insulin) in mediating effects on offspring obesity risk through potential alterations in composition of breast milk raises questions regarding the possible attenuation of the reported beneficial effects of breast feeding on childhood obesity if the mother is obese.
There are conflicting reports in the literature regarding this issue in the context of gestational diabetes, hence more evidence is required to allow informed conclusions to be made. [51] [52] [53] Therefore, future studies that aim to prevent the programmed hyperphagia in the offspring could seek to target any of the above parameters, potentially through increasing maternal physical activity or altered maternal diet. There is some evidence to suggest that this may be a feasible option. Lower maternal plasma leptin levels have been reported in human mothers that report high levels of physical activity. 22 In addition, a recent rat study 54 reported that offspring of high-fat fed obese female rats that were switched to a control diet at 1 month before conception did not show an obese or insulin resistant phenotype at weaning compared with offspring of obese female rats maintained on the high-fat diet throughout pregnancy and lactation. Serum leptin levels reported at weaning, were similar between mothers in the dietary intervention group compared with controls fed chow throughout, and were significantly lower compared with the continual high-fat fed obese group. This study provides the first evidence in animal models of a maternal dietary intervention providing some protection to offspring against the detrimental effect of maternal obesity on offspring development and could serve as a good platform for future mechanistic investigations. Of interest, however, is that the protective effect of maternal dietary intervention did not provide life-long protection. By 150 days of age, elevated fat mass and fat cell size and an elevated insulin resistance in the offspring of the maternal dietary intervention group were present compared with control animals. It may, therefore, be necessary in future investigations to incorporate a study design in which offspring interventions are used in conjunction with a maternal intervention. Although many of the studies to show an obese phenotype in offspring have used a control diet in the post-weaning period, to date, no dietary interventions in offspring have sought to restrict energy intake. For example, when hyperphagia is observed in offspring of obese mothers, the potential impact of restriction of energy intake to the level of control litters would be of interest.
Evidence for reduced energy expenditure in the offspring of over-nourished mothers
Fewer studies have addressed the potential role of changes in energy expenditure in mediating the effects of maternal obesity on energy balance in the offspring. The habitual activity levels of offspring from high-fat fed/obese mothers have been reported in two recent studies. 34, 40 Bayol et al. 40 examined rat movements in the X, Y and Z directions within their cages using infra-red light beams. No differences in activity levels were observed between offspring of junk food fed mothers and offspring of control fed mothers. However, a more comprehensive study design in which activity levels were monitored over a full light/dark 24-h phase showed significantly reduced nocturnal habitual activity of male and female offspring of obese mice at 3 months of age .34 Of interest, although offspring of both genders were obese, this reduced activity was only evident in females at 6 month of age.
The mechanisms underlying the effects of maternal overnutrition on changes in energy expenditure in the offspring are not known. There is evidence to suggest that habitual levels of maternal activity (grooming and nursing style during lactation) 55 as well as prescribed activity (voluntary wheel running during pregnancy and lactation) 56 have been shown to influence hippocampal neurogenesis. This is consistent with the suggestion that physical activity is heritable. 57 Voluntary wheel cage running activity of mice has been shown to have strong parent-of-origin effects. 58 In this study, mice born to a breeding cross between mothers of a selectively bred high activity strain and fathers of the wildtype C57BL/6J displayed significantly more activity than offspring of a reciprocal progenitor cross of wild-type mothers and high-activity fathers. Indeed in humans, chromosomal loci influencing activity levels have been known for some time. 59 One possibility is therefore that maternal over-nutrition and or obesity leads to decreased maternal physical activity and consequently reduced activity in the offspring. This is a testable hypothesis, and if proven would raise the possibility of interventions focussed on increasing maternal activity or offspring physical activity being a tractable option. A recent study in healthy pregnant women demonstrated that prescribed aerobic exercise reduced birth weight and BMI independent of changes in maternal insulin sensitivity. 27 The women in this study had a mean BMI in the upper normal range (25.5), but it is possible that such a targeted intervention may be more beneficial in obese women. Although data is lacking for a comprehensive understanding of how maternal over-nutrition and/or obesity could influence energy expenditure in the offspring, there is some evidence to suggest that reduced activity observed in Maternal over-nutrition and offspring obesity predisposition K Rooney and SE Ozanne the offspring may be a secondary outcome resulting from reduced capacity for exercise as a result of reduced muscle mass and muscle contractile function.
Offspring of animal models of maternal over-nutrition display reduced muscle mass Offspring of high-fat fed 45 and high-fat/high-sugar junk food fed 40 mothers commonly report increased body weight. This increase in body weight is often attributed to increases specifically in adiposity as assessed directly by fat pad mass or reported as an increase in body fat % assessed by dual-emission X-ray absorptiometry. Body composition data, as assessed by dual-emission X-ray absorptiometry in the study of Buckley et al., 30 suggests that elevated body fat percentage is more likely a result of reduced lean mass than an increase in fat mass per se. That study investigated male offspring at 3 months of age that were exposed to a high-fat diet in utero only. In support of the role of reduced lean mass, two other studies have identified reduced muscle mass in offspring of maternal models of over-nutrition. Initially, Bayol et al. 60 reported a significant reduction in the cross-sectional area, fibre number per cross sectional area and muscle nuclei per cross sectional area of the semitendinosus muscle in 21-day-old animals exposed to a maternal cafeteria diet during gestation only, as well as animals exposed to cafeteria diet during gestation and lactation. Subsequently, Samuelsson et al. 34 demonstrated reduced anterior tibialis muscle mass in 3-and 6-month-old male and female chow-fed offspring of obese mice. In a subsequent study of those same offspring, histological analyses of the soleus muscle identified no changes in fibre cross sectional area or fibre density in offspring assessed at 3 months of age. 39 This may reflect differential effects on different muscle types. Male and female offspring of obese rats fed a similar highly palatable obesogenic diet showed similar soleus and vastus lateralis muscle mass compared with control animals at 90 days of age. 43 This may reflect species differences. It is well established that muscle histology varies between species. For example, soleus muscle display a distinct species and strain difference in fibre type composition with type I % reported as 100%; 83 and 46% in Wistar rat, Sprague-Dawley rat and BALB/c mouse, respectively. 61, 62 Although the distinct mechanisms by which maternal obesity impairs skeletal muscle development are still to be identified, the impact of maternal obesity and subsequent inflammation status on fetal skeletal muscle development has been recently reviewed. 63 Evidence suggests an inflammatio-induced shift in fetal mesenchymal stem cells from myogenesis to adipogenesis, as identified in the fetal semitendinosus muscle of offspring from ewes exposed to maternal obesity in utero. 64 Unfortunately, currently available studies do not provide adequate maternal data to determine whether similar mechanisms may be at play in the rat and mouse models described above.
Offspring of animal models of maternal over-nutrition display reduced muscle function In addition to the effects on muscle mass, there is some evidence to suggest that maternal obesity and/or overnutrition influences muscle function. The primary function of skeletal muscle is contraction-induced force production for movement. Bayol et al. 65 showed that the maximal twitch tension and maximal tetanic tension of the semitendinosus were reduced in 10-week-old offspring of junk food fed mothers. This reduced muscle function was observed in offspring that were exposed to the junk food diet throughout gestation, lactation and post-weaning development, as well as offspring exposed to junk food diet during gestation and lactation only. This is in concert with the changes in muscle mass observed at weaning discussed above. These changes in muscle mass and functionality have been associated with reduced proliferating cell nuclear antigen mRNA and reduced glucose transporter 4 mRNA 60 expression. Regardless of the mechanism, when expressed relative to muscle mass, force production is decreased in the offspring of junkfood-fed dams irrespective of weaning diet. Taken together, these results suggest that offspring exposed to maternal overnutrition have reduced muscle mass and the muscle they do have, are weaker than offspring of control fed mothers. Of note, is that the studies of Bayol et al. 40 does not commence feeding of the junk food diet to mothers until conception has occurred. As such, although junk-food-fed mothers gain more weight during gestation, there is no pre-existing condition of obesity in these mothers. Non-oxidative catabolism of carbohydrates as well as oxidative catabolism of carbohydrates and lipids fuel muscle contraction. Central to sustained muscle function therefore is a primed efficiency between fuel delivery and mitochondrial oxidative phosphorylation for ATP resynthesis. Global disturbances to mitochondrial function could thus underlie reduced whole-body metabolic health. Indeed, Taylor et al. 35 have identified reduced mitochondrial copy number in the kidney of 3-month-old offspring of high-fat fed rats, and reduced mitochondrial gene expression in the aorta of 6-month-old offspring of high-fat fed rats that preceded a decline in whole-body insulin sensitivity assessed by euglycaemicFhyperinsulinaemic clamp in 1-year-old animals. Furthermore, in utero exposure to a high-fat diet has been shown to contribute to the development of nonalcoholic fatty liver disease and this is associated with altered hepatic mitochondrial function. 66 The potential for identification of a global defect in mitochondrial function underlying skeletal muscle dysfunction and disturbed whole-body metabolism is an interesting area for future investigations. Skeletal muscle specifically is the major site of insulin-stimulated peripheral glucose uptake and therefore is an important tissue for whole-body energy expenditure and fuel utilisation. Disturbances in cellular function specific to fuel handling could have detrimental affects to whole-body metabolism. Mitochondrial dysfunction as assessed by linked complex II-III Maternal over-nutrition and offspring obesity predisposition K Rooney and SE Ozanne activities of the electron transport chain have also been reported in the vastus lateralis muscle of 3-month-old offspring of obese mice 39 that themselves display elevated body weight and reduced habitual activity. 34 In human infants born to obese mothers, lower 24-h energy expenditure has been identified as early as at 4 months of age. This reduced energy expenditure was associated with reduced fat-free mass. 67 To date, one study has investigated whole-body fuel utilisation in offspring of a high-fat fed maternal model. Male offspring that show elevated abdominal adiposity, elevated hepatic triglycerides and reduced hepatic insulin signalling at 3 months of age showed no differences in 24-h energy expenditure as assessed by indirect calorimetry. 30 Although at the first glance, this data may seem to suggest no impact of maternal high-fat feeding on offspring whole-body fuel utilisation, it is important to note that in that study at that time point, whole-body insulin sensitivity assessed by euglycaemic hyperinsulinaemic clamp was also unchanged despite acute phase hyperinsulinaemia during an oral glucose tolerance test, and increased skeletal muscle insulin signalling proteins. As such, it may be of interest to investigate whole-body fuel oxidation at B1 year of age when offspring have been shown to be insulin resistant. 33, 35 There are currently no studies that have addressed potential interventions to prevent poor skeletal muscle development resulting from maternal over-nutrition and/or obesity. Given the proposed role of maternal inflammatory status, 63 interventions that target this may be one option.
However, given that skeletal muscle displays a high level of plasticity in response to environmental stimuli throughout life; it is possible that interventions in the offspring aimed at enhancing muscle function should be beneficial. In this instance, exercise would be of major importance. Currently no data exists in maternal models of over-nutrition in which an exercise intervention has been used to correct the metabolic disturbance evident in offspring of obese mothers. There is evidence from the far better described intrauterine growth restriction models to suggest that the 'programmed' affects of maternal nutrition are adaptable. Miles et al., 68 for example, have shown that a small amount of exercise can prevent obesity development in 'programmed' offspring.
Conclusions
Growing evidence suggests that maternal obesity increases the risk of childhood obesity and subsequent adult disease. There is therefore a real and immediate need for interventions that target the development of offspring obesity. Human studies have identified maternal risk factors associated with disturbed offspring health such as gestational weight gain, elevated adiposity, hyperglycaemia and insulin resistance. These outcomes provide key targets for interventions that seek to improve offspring health. Recent evidence suggests altering maternal carbohydrate and/or physical activity levels can improve maternal pregnancy outcomes. However, longitudinal studies to adequately describe the long-term impact of these interventions on offspring health are lacking. Furthermore, human studies are limited by the confounders of shared environments and restrictions to invasive methodologies in offspring. Animal studies therefore provide an alternative in which interventions that seek to protect offspring from a conferred obesity risk may be investigated. As such, in addition to maternal interventions, focus can be placed on offspring outcomes associated with obesity development. Principally, excess energy intake and reduced energy expenditure. Hyperphagia has been consistently reported in offspring of obese rats and mice. Hypoactivity and/or reduced muscle function has been demonstrated in a limited number of studies. However, data suggests a distinct association between maternal overnutrition and reduced skeletal muscle development and global mitochondrial function.
To date, there is paucity in the literature of studies that investigate potential intervention strategies in either overnourished mothers or their offspring that aim to attenuate an offspring predisposition to obesity. Addressing such possibilities is therefore an important research need. These should include targeting the maternal parameters associated with excess nutrition and/or obesity (hyperglycaemia, hyperlipidaemia, hyperinsulinaemia and increased inflammatory markers) as well as the phenotypic consequences in the offspring (hyperphagia and reduced physical activity). Results may then help to combat the cycle of maternal obesity and offspring obesity.
